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[54] Invention title 

The Ag catalyst for ethylene oxide production and 
its preparative method as well Jis its application 
[57] Abstract 

The invention relates to a kind of Ag catalyst for 
ethylene oxide production by ethylene oxidation; 
the catalyst is made through the following steps: the 
solution with compound containing Ag, organic 
amine, alkali metal assistant, Ce assistant, optio 
alkali-earth metal assistant, optio Re assistant and 
its co-assitant is soaked and calcinated into porous 
a-aluminium oxide carrier, after sieving and drying, 
and it is activated by mixed gases containing 
oxygen, then the Ag catalyst is prepared. The Ag 
catalyst is prepared by this way with high activity 
and selectivity. The invention also refers to the 
usage of the stated catalyst in ethylene oxide 
production by ethylene oxidation. 
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1. A kind of Ag catalyst used for ethylene oxide production by ethylene oxidation, which is prepared 
through the following steps: 

1) The solution with compound containing Ag, organic amine, alkali metal assistant, Ce assistant, 
optio alkali-earth metal assistant, optio Re assistant and its co-assitant is used to soak porous 
a-aluminium oxide carrier. 

2) After sieving the maceration extract, the soaked carrier is dried. 

3) The carrier got from step two is activated in mixed gas containing oxygen, and the Ag catalyst is 
made. 

2. The Ag catalyst is the same as stated in Claim 1, of the total the porous a-aluminium oxide carrier has 
the following features: a-aluminium oxide content >90%, optimization >95%,alkali-earth metal 
content (counted as metal) <2.0%, optimization <0.8%, specific surface is 0.2-2.0 m^/g, optimization 
is 0.3-1.5 mVg, hole volume is 0.35-0.85 ml/g, optimization is 0.4-0.7 ml/g, absorption rate >30%, 
optimization >40%, crushing strength is 20N/piece~150N/piece, optimization is 30N/piece - 
120N/piece. 

3. The Ag catalyst is the same as stated in Claim 1, of the total the Ag compounds are silver oxide, argent 
nitrate or silver oxalate. 

4. The Ag catalyst is the same as stated in Claim 1, of the total the Ag compounds addition should keep 
the Ag content of 1%~30% in the stated Ag catalyst, the optimization is 5%~25%, based on the total 
weight of the stated Ag catalyst. 

5. The Ag catalyst is the same as stated in Claim 1, of the total the stated alkali metal assistants are: Li, 
Na, Ka, Rb or Cs compounds or the combination of any two compounds. 

6. The Ag catalyst is the same as stated in Claim 5, of the total the alkali metal is Cs. 

7. The Ag catalyst is the same as stated in Claim 5, of the total the alkali metal addition should keep the 
alkali metal content of 5ppm~2000oom in the stated Ag catalyst, of the total the optimization is 
10ppm~1200ppm, based on the total weight of the stated Ag catalyst. 

8. The Ag catalyst is the same as stated in Claim 1, of the total the alkali-earth metal assistants are: Mg, 
Ca, Al or Ba oxides, carbonite, sulfate, acetate or nitrate, or their mixtures. 

9. The Ag catalyst is the same as stated in Claim 8, of the total the alkali-earth metal is Ca. 

1 0. The Ag catalyst is the same as stated in Claim 8, of the total the alkali-earth metal is Ba. 

1 1 . The Ag catalyst is the same as stated in Claim 8, of the total the alkali-earth metal is Sr. 
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12. The Ag catalyst is the same as stated in Claim 8, the stated alkali-earth metal addition should keep the 
stated alkali-earth metal content of 0ppm~22000ppm in the stated Ag catalyst, of the total the 
optimization is Oppm~l OOOOppm, beised on the total weight of the Ag catalyst. 

13. The Ag catalyst is the same as stated in Claim 1, of the total the Ce assistant is Ce oxide, carbonite, 
sulfate, acetate or nitrate, or their mixtures. 

14. The Ag catalyst is the same as stated in Claim 13, of the totzil the Ce addition should keep the content 
of lppm~495ppm in the stated Ag catalyst, the optimization is 5ppm~200ppm, based on the total 
weight of the stated Ag catalyst. 

15. The Ag catalyst is the same as stated in Claim 1 , of the total the Reassitants are ReO, perrhenic acid or 
perrhenate, or their mixtures. 

16. The Ag catalyst is the same as stated in Claim 1 5, of the total the Re assistant addition should keep the 
content of Oppm-lOOOppm in the stated Ag catalyst, the optimization is 0ppm~400ppm, based on the 
total weight of the stated Ag catalyst. 

17. The Ag catalyst is the same as stated in Claim 1, of the total the co-assistant for Re assistant can be 
compounds of any transition metal, or the mixtures of several transition metal compounds. 

18. The Ag catalyst is the same as stated in Claim 17, of the total the co-assistant for Re assistant can be 
oxacid of VIB and VIIB groups' elements or their salts. 

19. The Ag catalyst is the same as stated in Claim 17, of the total the addition of co-assistant for Re 
assistant should keep the content of Oppm~500ppm in the stated Ag catalyst, the optimization is 
Oppm~300ppm, based on the total weight of the stated Ag catalyst. 

20. The Ag catalyst is the same as stated in Claim 1, of the total the stated assistant before soaking Ag, 
during soaking Ag or after soaking, is exerted on the carrier, or after soaked carrier activated the 
carrier is soaked. 

21 . The Ag catalyst is the same as stated in Claim 1, of the total the stated activated process is done in the 
nitrogen oxygen atmosphere with no more than 21% air or oxygen. 

22. The Ag catalyst is the same as stated in Claim 1, of the total the temperature of the stated activated 
process is controlled between 150°C and 700°C, the optimization is 200''C ~ 500°C. 

23. The Ag catalyst is the same as stated in Claim 1 , of the total the duration of the stated activated process 
is 0.5—120 minutes, the optimisKition is l~60minutes. 
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24. A method for the production of ethylene oxide through the oxidation of ethylene, in which the stated 
Ag catalyst in any item of Claim 1 to 23 is used. 
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The Ag catalyst for ethylene oxide production, its preparative method and its application 
Technology Field 

The invention refers to a kind of Ag catalyst and its preparative method, specifically speaking, the invention 
refers to a kind of Ag catalyst for ethylene oxide production by ethylene oxidation and its preparative method, 
and also refers to the usage of the catalyst in ethylene oxide production by ethylene oxidation. 



Background Tcchnolosfv 

By the Ag catalyst, the main product of ethylene oxidation is ethylene oxide, at the same time carbon dioxide 
and water are produced in side reaction, the activity, selectivity and stability are the main performance 
indexes. The so called activity means the reaction temperature for the ethylene oxide production progress 
reaching certain reaction load. The lower the reaction temperature is, the higher the catalyst activity is. The 
so called selectivity means the r mole ratio of ethylene-into- ethylene oxide and ethylene. The so called 
stability means that when the activity and selectivity declines with the times goes by, the lower the declining 
rate is, the higher the stability of the catalyst is. In the ethylene oxide production by ethylene oxide, the usage 
of Ag catalyst with high activity, selectivity and stability can improve the economic returns, so preparing Ag 
catalyst with high activity, selectivity and good stability is the main direction for Ag catalyst research. The 
performance of Ag catalyst is not only related with the ingredients and its preparative method, but also with 
the performance of the catalyst carrier and its preparative method. 

In the present Ag catalyst preparative methods, the two processes, that is, preparation of porous carrier 
(aluminium oxide) and exerting active ingredient and assistant into the carrier are included. 

The main method to make the active ingredient Ag and all kinds of assistants exert on the carrier is the 
pickling process, that is that the aluminium oxide carrier is soaked into the solution made from silver salt, 
organic amine and all kinds of assistants, after removing the solution the carrier is heated to reduction to 
make the soaked carrier active. Alkali metal is the most common assistant; there are few patents which use 
alkali metals as assistants. US4305844 (corresponding to EPOO 17725, Huels Chemische Werke AG, 1981) 
prepared Ag catalyst contains 0.01-0.25% Ba and alkali metal assistant, at beginning, the activity and 
selectivity are low; 
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US4350616 (The Dow Chemical Company, 1982) has also used Cs and Ba in the production process of Ag 
catalyst, but activity of the prepared Ag catalyst is low, the selectivity is not over 84.0%, US4376718 (Huels 
Chemiche Werke AG, 1983) describes that an assistant bed layer is set on the upper part of the reactor, the 
assistants are from Ka, Rb, Cs and Ba compounds, the stability of the catalyst bed layer is improved; the 
carrier specific surface for Ag catalyst preparative method given by US4400308 (EC Erdoelchemie Gmbh, 

1983) is 0.4-0.5 nf/g, the particle diameter of loading Ag is 0.3-0.4 um, the 0.001-0.03% alkali metal Cs 

and 0.05-0.5% alkali-earth metal Ba are used, the maxium selectivity of the prepared Ag catalyst is only 
81.5%. The patent SU1685510 (Chorine Ind. Res. Des. Int., 1991) used specific surface less than ImVg 
aluminium oxide carrier, the carrier is treated with Ag salt amid comoles compound, alkali metal salt, 
alkali-earth metals compounds, after drying it is treated by alkali metal salt and surface acting agent, the 
patent practical alkali-earth metal salts are calcium nitrate and nitrate barium, the effect is not obvious by 
adding alkali-earth metal, when the time-space yield is less than 180gEO/l/h, the maximum selectivity is 
78.2%; DD289413A and DD288067 (Veb Leuna- Werke AG, 1991) has revealed that the acidity solution 
with organic acid silver, overdose lactic acid, alkali-earth metal and alkali metal is overlaid on the carrier 

with less than 0.3 m'/g specific surface to make Ag catalyst, the alkali-earth metal is Ba, the selectivity of 
catalyst is improved, but flie maximum selectivity is only 77%; US48 12437 (corresponding to EP0247414, 
Mitsubishi Petrochemical Co., 1989) by using Ag and at least one of Na, Ka, Rb and Cs, they deposit on the 
carrier containing A16Si2013, the Na contant on the carrier is 0.08-1.2%, the Ba salt is also used in the 
catalyst preparation, the maximum selectivity of the prepared Ag catalyst is 81.2%; DE33 10752 
(corresponding to US4760042) and US4841080 (Scientific Design Co., 1988, 1989), the silver is deposited 

on the carrier with specific surface of 0.3-0.8 nf/g, after activation 50~300ppm alkali metal is deposited, the 
patent claims that the catalysts include alkali-earth metal assistants and prior Ba, the selectivity of Ag 
catalyst made in the patent is only 79.7%; W09613493 (corresponding to EP789693, Shell Int. Research, 
1996), the silver, alkali metal assistant. Re assistant and the deposited alkali-earth metal before its assistant, 
prior Ba and/or Mg are deposited in Ag catalyst with Re preparation, only the catalyst made by deposited 
alkali-earth metal and Ag as well as alkali metal assistant has relative high selectivity, but the selectivity is 
only 8 1 .5%, the initial activity of the Ag catalyst with Re is improved by pre-deposited alkali-earth metal in 
this patent. 

In patent W097 13579, the selectivity of catalyst made by cerate, alkali metal, alkali-earth metal and any Re 
assistant gets to 85.0%. 
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CN1038411 reveals a Ag catalyst loaded with aluminium oxide, with the composition of 
AgaBabKcCSdNHeLafCeg, when a=100, b=0.01~10, c=0.1~10, d=0.1~10, e=0.01~0.05, f=0.5~5, the Ag 
catalyst selectivity is 83.5% in patent. 

Although alkali-earth metal assistant and Ce are used in the above patent documentation, the results are still 
not satisfactory; as a result, a kind of Ag catalyst and its preparative method with great all-round 
improvement on activity and selectivity is in great needed in this field. 

Invention Content 

Given the above present technique conditions, the inventor of the invention has done wide and deep research 
in the AG catalyst field, the results is discovered that the initial activity and selectivity of Ag catalyst in 
ethylene oxidizing reaction are both improved, the Ag catalyst is prepared by soaking porous aluminium 
oxide carrier with the solution of silver compound, organic amine and specified assistant and then the 
heat-treating in nitrogen oxygen atmosphere with less than 21% air or oxygen. a-AhOs carrier with the 
specific surface between 0.2 and 2.0m^/g is selected in the invention, soaking in the solution made from 
silver salt, organic amine, alkali metal assistant, Ce assistant, arbitrary alkali-earth metal assistant and 
arbitrary Re assistant as well as co-assistants, after drying and activation the Ag catalyst is prepared with 
relative high initial performance. 

As a result, one aim of the invention is to provide a kind of new Ag catalyst; it displays good initial activity 
and selectivity in ethylene oxide production by ethylene oxidation. 

One aim of the invention is to provide a preparative method of the Ag catalyst stated above. 

Another aim of the invention is to provide the application of the Ag catalyst stated above in ethylene oxide 
production by ethylene oxidation. 

These and other aims, features and advantages of the invention can be clearer after reading the specifications. 
The details of this invention 

The invention provides a kind of new Ag catsdyst on one hand; the stated catalyst is prepared through the 
following steps: 

1) The porous a-A^Os carrier is soaked in the solution made fi-om silver compounds with enough content 
of Ag, organic amine, alkali metal assistant, Ce assistant, arbitrary alkali-earth metal assistant and 
arbitrary Re assistant as well as co-assitants; 
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2) After the maceration extract is sieved, the soaked carried should be dried; and 

3) The carrier got from the step 2) should be activated in the mixture gas vifith oxygen and the Ag catalyst 
is prepared. 

On the other hand, this invention relates to the application of the abovementioned new type Ag catalyst in the 
production of epoxyethane by ethylene oxidation. 

The porous a-AliOj carrier for the Ag catalyst in this invention is the porous a-AljOj with a-Al2O3>90%, the 
optimization>95%. During the preparation of the carrier, the salt of the alkali-earth metal such as Mg, Ca, Sr 
and Ba, like sulfate, phosphate and carbonate, sulfate and carbonate is preferred, the BaS04 and BaCOs are 
the best. Based on the total weight of the porousa-AlaOa carrier, the alkali metal content is counted not more 
than 2.0%, the optimization is not more than 0.8%. The crushing strength of the carrier is 
20N/piece~150N/piece, the optimization is 30N/piece~120N/piece; the specific surface is 0.2-2.0 mVg, the 
optimization is 0.3-1.5 mVg; absorption rate>30%, the optimization>40%, the hole volume is 0.35~0.85ml/g, 
the optimization is 0.4~0.7ml/g. Porous a-AlzOa carrier can be any regular carrier form, such as pill shape, 
globular, annuli form, strip shape, radial porous pillar shape, the annuli form is preferred. 

The Ag catalyst of this invention is prepared by drying and calcinating the above AI2O3 carrier soaked with 
the solution made fh)m compounds with Ag content, organic amine, alkali metal assistant, Ce assistant, 
arbitrary alkali-earth metal assistant and arbitrary Re assistant as well as co-assistants. 

The silver compounds used in the invention can be those familiars to the practiced technicians, such as AgzO, 
silver oxalate, AgNOs. Ag2S04. silver carbonate, silver phosphate, the AgNOs is preferred. For the invention, 
the organic amine which can be used are those familiars to the practiced technicians, such as pyridine, 
ethylamine, N-propylamine, isopropylamine, n-butylamine, sec-butylamine, isobutylamine, tert-butylamine, 
ethanediamine, 1,3-propanediamine, 1,2- propanediamine, 1,4- tetramethylenediamine, 1,2- 
tetramethylenediamine, 1,3- tetramethylenediamine, tetramethylenediamine, tetramethylenediamine, 
butanolamine or their mixture. Prior organic amine are pyridine, butanolamine, ethanediamine, 
1,3-propanediamine, cholamine or their mixtures. 

The Ag catalyst of this invention, for example, can be prepared as the following method: AgNOs solution 
and ethanedioic acid amine or ethanedioic acid aqueous solution have reaction firstly, silver oxalate sediment 
educed, after eolation, it is washed by deionized water until there is no nitrate ion, then silver oxalate is 
dissolved into organic amine such as: pyridine, butylamine, ethanediamine, 1,3- propanediamine, cholamine 
or their mixture water solution, the assistant is added to prepare the dipping solution, then the above 
aluminium oxide carrier is soaked by the prepared dipping solution, after dropping dry, in the air flow or not 

more than 21% oxygen content nitrogen oxygen atmosphere, under the temperature of 150 ~ TOO'C, the 

optimization one is 200~500°C temperature extent, kept for 0.5 minute ~ 120 minutes, the optimization is 1 
~ 60minutes, for the thermolysis. 
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The Ag20 can also be replaced by AgNOs, silver oxalate can not be educed and sieved, complexation is done 
directly with organic amine, and then the carrier is soaked. The content of Ag compounds used in the 
soaking process in the invention is enough to make the final prepared catalyst contain 1-30% weight, the 
optimization is 5-25% weight, it is counted by the catalyst total weight. 

The alkali metal assistant in the invention can be Li, Na, Ka, Rn or Cs compounds or combination of any two 
kinds, such as Li, Na, Ka, Rn or Cs oxide, hydroxide, muriate, sulfate, nitrate, carbonate, phosphate, the 
optimization are Cs oxide, hydroxide, muriate, sulfate, nitrate, carbonate, phosphate, the best are cesium 
sulfate and cesium carbonate. In the final Ag catalyst, alkali metal content based on final catalyst weight is 
5~2000ppm, the optimization is 10-1200 ppm. The alkali metal assistant can be loaded to the carrier before, 
during or after soaking, as well as be soaked in the carrier after the soaked carrier is activated. 

The alkali-earth metal assistant in the invention can be Mg, Ca, Sr or Ba compounds, such as oxide, 
carbonite, sulfate, acetate or nitrate, or its mixture, the optimization is acetate, the more optimized is 
strontium acetate and barium acetate. In the final Ag catalyst, alkali-earth metal content based on the final 
catalyst weight is 0~22000ppm, the optimization is 0~10000ppm. Alkali-earth metal assistant can be loaded 
to the carrier before, during or after soaking, as well as be soaked in the carrier after the soaked carrier is 
activated. 

The Ce assistant in the invention can be Ce oxide, carbonite, sulfate, acetate or nitrate, or their mixture, the 
optimization is Ce carbonite and acetate, such as acetic Ce and cerium oxalate. In the final Ag catalyst, Ce 
content based on the final catalyst weight is l~495ppm, the optimization is 5~200ppm. Ce metal assistant 
can be loaded to the carrier before, during or after soaking Ag, as well as be soaked in the carrier after the 
soaked carrier is activated. 

The Re assistant can be Re oxide, perrhenic acid, perrhenic acid salt, or their mixtures, the optimization is 
perrhenic acid, perrhenic acid salt, such as perrhenic acid, perrhenic acid Cs and perrhenic acid amine. In the 
final Ag catalyst, the Re content based on the final catalyst weight is 0-1000 ppm, the optimization is 0-400 
ppm. The Re assistant can be loaded to the carrier before, during or after soaking Ag, as well as be soaked in 
the carrier after the soaked carrier is activated. 

The co-assistant of the Re assistant in the invention can be any transition metal compounds in the periodic 
chart or mixtur es of several kinds of transition metal compounds, the optimization is VIB and VIIB 
elements' oxacid and their salts, such as tungstic acid, tungstic Cs, molybdenic acid and molybdenic amine. 
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In the final Ag catalyst, the content of co-assistant of the Re assistant based on the final catalyst weight is 
0-500 ppm, the optimization is 0-300 ppm. The co-assistant of Re assistant can be loaded to carrier before, 
during or after soaking Ag, and also can be loaded to the carrier after the soaked carrier activated. 

The determination of the performance of catalyst 

All kinds of Ag catalysts in the invention is detected by laboratory reactor (following a brief microreaction) 
to evaluate the initial performance and stability of the devices. The reactor for microreaction evaluation 
device is stainless steel tube with inner diameter of 4mm, and the reactor is put in the heating mantles. The 
admission space of the catalyst is 1ml, there is inert filler in the bottom to make catalyst bed layer stay in the 
constant temperature zone. 

The determination of its initial activity and selectivity 

The conditions used for the determination of its activity and selectivity 

The composition of the reactive gases (mol %) 

Ethylene (C2H4) 28±1 

Oxygen (O2) 7.4±0.2 

Carbon dioxide < g 

Stable gas (Nj) allowance 

Catastaltic dichlorethane 0.1 ppm ~ 2.0 ppm 

Reaction pressure 2.1 MPa 

Air speed 7000/h 

EO density from the reactor outlet 1.35% 

Time-space yield 1 85gEO/mlCat./h 

When the reaction reaches stable, the gas composition of the reactor inlet and outlet is continuously detected. 
The detecting results are corrected by volume construction, and then the selectivity is counted according to 
the following formula: 

xiooVo 

Selectivity S= ^Oh-O.S-ACO^ 

AEO is the ethylene oxide density difference between outlet gases and inlet gases, ACO2 is the CO2 density 
difference between outlet gases and inlet gases, select the average of over 10 group experiment data as the 
trial result. 

Compared with the present techniques, this invention has the following advantages: porous aluminium oxide 
carrier is used in the preparation of Ag catalyst according to the invention and added with little Ce metal 
assistant, the prepared catalyst has relative high activity and selectivity, the catalyst is especially fit for 
reaction for ethylene oxide production by ethylene oxidation. 
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Example 

The invention is furtiier specified with the following examples, but the extent of the invention is not limited 

in the examples. 

Carrier land 2: , 

312g a-AbOs trihydrate of 30-500 mesh, 104g AI2O3 hydrate of 30-200 mesh, 81g oil coke, 7g NH4F, 8.5g 
Mg (N03)2 and BaS04 (Og and 1 .2g respectively) are put into blender to misce bene, and then transferred to 
kneading machine, 0.18L thin nitric acid (nitric acid: water=l:3, proportion by weight) is added, the shaping 
cream is kneaded and extruded. The extrusion shape is wreath with 8.0mm outer diameter, 6.0mm length and 

2.0mm inner diameter, under the temperature of 80 ~ 120''C, it is dried more two hours so that the liberation 

water content declines below 10%. 

The above two wreaths are put into the bell jar kiln, after 30 hours, the temperature goes up from the room 
temperature to 1350°C - 1550°C, the temperature should be kept for two hours, then white a-AUOs carrier 
sample 1 £ind carrier sample 2 are obtained. 
Carrier 3: 

312g a-AlzOj trihydrate of 30-500 mesh, 104g AI2O3 hydrate of 30-200 mesh, 81g oil coke, 7g NH4F, 8.5g 
Mg(N03)2 are put into blender to misce bene, and then transferred to kneading machine, 0.1 5L thin nitric 
acid (nitric acid: water=l:3, proportion by weight) is added, the shaping cream is kneaded and extruded. The 
extrusion shape is wreath with 8.0mm outer diameter, 6.0mm length and 2.0mm inner diameter, under the 

temperature of 80 ~ 120''C, it is dried more two hours so that the liberation water content declines below 

10%. 

The above wreath is put into the bell jar kiln, after 30 hours, the temperature goes up from the room 
temperature to 1350°C ~ 1550°C, the temperature should be kept for two hours, then white a-A^Os carrier 
sample 3 is got. 

After detecting, the composition and physical property of the carrier can refer to table 1 . 



Table 1 Physical property data of Carrier 1-3 





Carrier 1 


Carrier 2 


Carrier 3 


a-AhOs content 


98.2 


97.8 


98.4 


BaO content 


0 


0.35 


0 


Crushing Strength (N/P) 


52 


47 


86 


Absorption Rate (%) 


61 


64 


47 
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Bulk specific density (g/cm^) 


0.54 


0.52 


0.64 


Specific Surface (mVg) 


0.87 


0.98 


0.91 


Hole Volume (ml/g) 


0.68 


0.65 


0.58 


Distribution of the pore radius 








(percent of total pore volume %) 








<0.5|jm 


20.5 


19.8 


17.0 


0.5-1 urn 


4.1 


4.9 


4.5 


l~5|xm 


51.4 


53.5 


63.7 


5~10^m 


10.7 


9.8 


9.6 


10~30^m 


9.2 


9.6 


3.4 


30-5 l^m 


1.5 


1.5 


0.9 


>51nm 


1.6 


0.9 


0.9 



The preparation of the catalyst: 

Comparative examples 1-3: 

700g AgNOj is dissolved in 750ml deionized water to make AgNOj solution. 325g ethanedioic amine is 

dissolved in 250ml 50'*C deionized water to make ethanedioic amine solution. The two solutions are mixed 

to form white silver oxalate sediment imder severely stirring. Aging more than 30 minutes, sieved, the 
sediment is washed by deionized water till there is no NOa"^. Filter cake contains about 60% Ag, and 15% 
water, it is cream. 

300g ethanediamine, 11 Og cholamine, 375g deionized water are added in the glass container with stirrer. 
Silver oxalate cream got from the upper face by stirring is slowly added into the mixing solution, the 

temperature is kept under 40''C to make the silver oxalate dissolve entirely, the addition of silver oxalate 

makes the produced maceration extract contain 22% Ag (weight). 2.2g cesium sulfate, l.lg barium acetate 
and deionized water are added to make the solution total weight reach 2000g for the future usage. 

lOOg carrier sample 1, 2, 3 are put into container which can be drawn vacuum respectively. Drawn vacuum 
to lOmmHg above, the above maceration extract is put in; the carrier is immersed and kept for 30 minutes. 

The redundant solution is sieved. The soaked carrier is heated for Sminutes in 400''C air flow, cooling down, 

then ethylene oxide Ag catalyst comparative example 1 , 2 and 3 are prepared. 

Examples 1-9: 

Repeat the same procedure of Comparative examples 1-3, the different is that the maceration extract contains 
other cerous sulfate; the dosage is shown in the following table 2. 
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Table 2 the addition of Ce assistant in tiie preparative process for examples 1-9 catalyst sample. 



Example No. 


Carrier No. 


Addition of cerous sulfate 


Example One 


1 


0.09 


Example Two 


1 


0.17 


Example Three 


2 


0.35 


Example Four 


2 


0.09 


Example Five 


2 


0.17 


Example Six 


2 


0.35 


Example Seven 


3 


0.09 


Example Eight 


3 


0,17 


Example Nine 


3 


0.35 



The contents of Ag and assistant in the prepared catalyst are analyzed, and the results are listed in table 3, 
and the content is counted to metal. 

The micro reaction evaluation device is used to detect the activity and selectivity of the catalyst sample in the 
craft condition stated above, the trial results are listed in the following table 3. 



Table 3 The trial results of the catalyst samples in examples 1-9 



Example No. 


Ag content 
(%) 


Cs content 
(ppm) 


Ce content 
(ppm) 


Reaction 
temperature ("0) 


EO(%) 


Selectivity 
(%) 


Comparative 
example 1 


16.5 


639 


0 


226.5 


1.36 


83.1 


Example 1 


17.0 


642 


15 


221.8 


1.36 


83.7 


Example 2 


16.8 


638 


41 


220.5 


1.35 


83.9 


Example 3 


17.1 


635 


103 


223.6 


1.37 


83.6 


Comparative 
example 2 


16.9 


642 


0 


224.8 


1.35 


83.3 


Example 4 


17.2 


645 


16 


221.0 


1.36 


83.9 


Example 5 


16.6 


634 


43 


220.4 


1.36 


84.3 


Example 6 


17.1 


640 


112 


222.0 


1.34 


83.7 


Comparative 
example 3 


14.6 


554 


0 


220.7 


1.35 


82.9 


Example 7 


17.2 


668 


11 


217.4 


1.38 


83.5 


Example 8 


17.2 


666 


36 


215.6 


1.36 


83.7 


Example 9 


17.3 


662 


87 


216.8 


1.35 


83.6 



Comparative example 4 
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300g ethanediamine, 11 Og cholamine and 375g deionized water are added into the glass container with a 
stirrer.Silver oxalate cream produced in the stated Comparative example 1-3 by stirring is slowly added into 

the mixing solution, the temperature is kept under 40°C to make the silver oxalate dissolve entirely, the 
addition of silver oxalate makes the produced maceration extract contain 22% Ag (weight). 2.2g cesium 
sulfate, l.lg strontium acetate and deionized water are added to make the solution total weight reach 2000g 
for the future usage. 

lOOg carrier sample 2 is put into container which can be drawn vacuum respectively. Drawn vacuum to 
lOmmHg above, the above maceration extract is put in; the carrier is immersed and kept for 30 minutes. The 

redundant solution is sieved. The soaked carrier is heated for Sminutes in 400''C air flow, cooling down, 

then ethylene oxide Ag catalyst Comparative example 4 is prepared. 

Example 10-12 

Repeat the same procedure of Comparative example 4, the different is that the maceration extract contains 
other cerium acetate or cerium oxalate; the dosage is shown in the following table 4. 



Table 4 The addition of Ce assistant in example 10-12 catalyst sample preparation process 



Example No. 


Ce assistant category 


Addition (g) 


Example 10 


cerium acetate 


0.19 


Example 1 1 


cerium acetate 


0.38 


Example 12 


cerium oxalate 


0.15 



The content of Ag and assistant in the prepared catalyst is analyzed, and the results are listed in table 5, in 
which the content is counted as metal. 

Micro reaction evaluation device is used to detect the activity and selectivity of catalyst sample in the craft 
condition stated above, the trial resuhs are listed in the following table 5. 



Table 5 The trial results of the catalyst samples in example 10-12 



Example No. 


Ag content 
(%) 


Cs content 
(ppm) 


Ce content 
(ppm) 


Reaction 
temperature (°C) 


EO 
(%) 


Selectivity 
(%) 


Comparative 
example 4 


16.5 


639 


0 


224.7 


1.36 


83.3 


Example 10 


17.0 


642 


43 


220.8 


1.36 


83.7 


Example 1 1 


16.8 


638 


98 


219.3 


1.35 


84.3 


Example 12 


17.1 


635 


47 


221.6 


1.7 


83.8 



Comparative example 5 

300g ethanediamine, 1 lOg cholamine and 375g deionized water are added in the glass container with stirrer. 
Silver oxalate cream produced in the stated Comparative example 1-3 by stirring is slowly added into the 
mixing solution, 
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the temperature is kept under 40°C to make the silver oxalate dissolve entirely, the addition of silver oxalate 

makes the produced maceration extract contain 22% Ag (weight). 2.2g cesium sulfate and deionized water 
are added to make the solution total weight reach 2000g for the future usage. 

lOOg carrier sample 2 is put into container which can be drawn vacuum respectively. Drawn vacuum to 
lOmmHg above, the above maceration extract is put in; the carrier is immersed and kept for 30 minutes. The 

redundzmt solution is sieved. The soaked carrier is heated for Sminutes in 300°C air flow, cooling down, 

then ethylene oxide Ag catalyst Comparative example 5 is prepared. 

Example 13-14 

Repeat the same procedure of Comparative example 5, the different is that the maceration extract contains 
0.35g and 3.8g cerous sulfate. 

The Ag and assistant content of the prepared catalyst is analyzed, the results are listed in table 6, and the 
content is counted to metal. 

The micro reaction evaluation device is used to detect the activity and selectivity of the catalyst sample in the 
craft condition stated above, the results are listed in the following table 6. 

Comparative example 6 

Repeat the same procedure of Comparative example 5, the different is that the maceration extract contains 
5.0g cerous sulfate. 

The Ag and assistant content of the prepared catalyst is analyzed, the results are listed in table 6, and the 
content is counted to metal. 

The micro reaction evaluation device is used to detect the activity and selectivity of the catalyst sample in the 
craft condition stated above, the results are listed in the following table 6. 



Table 6 the trial results of the catalyst sample in Example 13 



Example No. 


Ag content 


Cs content 


Ce content 


Reaction 


EO 


Selectivity 


(%) 


(ppm) 


(ppm) 


temperature (°C) 


(%) 


(%) 


Comparative 
example 5 


16.5 


639 


0 


223.7 


1.36 


82.7 


Example 13 


17.0 


642 


43 


217.3 


1.34 


83.5 


Example 14 


16.8 


633 


452 


221.9 


1.35 


83.0 


Example 6 


16.1 


612 


623 


227.0 


1.35 


82.6 



Comparative example 7 
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300g ethanediamine, 11 Og cholamine, 375g deionized water are added in the glass container with stirrer. 
Silver oxalate cream produced in the stated Comparative example 1-3 by stirring is slowly added into the 

mixing solution, the temperature is kept under 40''C to make the silver oxalate dissolve entirely, the addition 
of silver oxalate makes the produced maceration extract contain 22% Ag (weight). 2.0g cesium sulfate, 0.6g 
perrhenic acid, O.lg ammonium molybdate and deionized water are added to make the solution total weight 
reach 2000g for the future usage. 

lOOg carrier sample 2 is put into container which can be drawn vacuum respectively. Drawn vacuum to 
lOmmHg above, the above maceration extract is put in; the carrier is immersed and kept for 30 minutes. The 

redundant solution is sieved. The soaked carrier is heated for Sminutes in 230°C air flow, cooling down, 

then ethylene oxide Ag catalyst Comparative example 7 is prepared. 

Example 15 

Repeat the same procedure of Comparative example 5, the different is that the maceration extract contains 
0.3 5g cerous sulfate. 

The Ag and assistant content of the prepared catalyst is analyzed, the results are listed in table 6, and the 
content is counted to metal. 

The micro reaction evaluation device is used to detect the activity and selectivity of the catalyst sample in the 
craft condition stated above, the results are listed in the following table 6. 



Table 6 The trial resuhs of the catalyst sample in Example 1 5 



Example No. 


Ag 
content 
(%) 


Cs 
content 
(ppm) 


Ce 
content 
(ppm) 


Re 
content 
(ppm) 


Mo 
content 
(ppm) 


Reaction 
temperature 

CC) 


EO 

(%) 


Selectivity 
(%) 


Comparative 
example 7 


16.5 


639 


0 


205 


32 


227.4 


1.36 


83.9 


Example 15 


17.0 


642 


43 


210 


35 


222.6 


1.34 


84.7 
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mi/m 



I. Zj^^'i^^f'^-^tj'^^/rM^^i^^m. itit^^^^fXT^ 

2.0%, >tfcxl<0.8%, tb^^i{? 0.2~2.0mVg, ^it 0.3 ~ iW/g, 

X7 0.35~0.85inl/g, 'tt.i^ 0.4 ~ 0.7ml/g, ^7K+>30%, >(fei^>40%, vS. 

^^^^ 2mim. ~ 150N/3^, 30N/i^ ~ 120N/5^. 

^/fi2l4^'f^>f^^Jt6^^i(7 1%~30%, 'ffci^5%~25%, ^^P/rm^m^ 

6. :fta;t5L^.J 5 ^/f i^d^^iL^f^-f^^-j , * t ^>tiU^^>^^#.. 

i£^^>ir>^^/fii4^^^^^'jt^^*i^ 5ppin~2000ppm, lOppm- 

i2ooppm, ^^ff[m%m^^'\^:t^-^t. 

II. -^^^^i^^tspjf^^ji^i^mtm. ^^pjf^^^^M,^^. 
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u m m ^ =^ m2/m 



12. >;fX^'J^*. 8 f/f^i^it^^mt^] , ^^m^^i-^M^^^iM'it 
PIf^^^'tMj>^^^ii.i%i^^^^^]'^^^i^ Oppm-ZZOOOppm, 
Oppm ~ lOOOOppm, ^^fi/f^i%^^tM^>t^^±o 

13. ^Ml^^l ^^^it^^^^t^]. PJf^^^M^^it^^^t^. 

^^/fi£4fL^^^^'Jt6^^*i(7 lppm-'495ppm, 'Ct.i^ 5ppm ~ 200ppm, ^ 

16. :fto^if'JJ|-4^15^>^i4^4|L'm>f^^'J, ^t^/fii#^^^'J^;^>^*>^^ 
>^^>1^ii,4|L4*>ft^'Jt^^J:i?7 Oppm-lOOOppm, Oppm ~ 400ppm, ^ 

17. d^;K^'JJ|-*l ^>ti2t6^^^'f4i^J.*t^>ti^.4M*#^ 

18. :iP;^^.JJ|-i^ 17 ^/pitfi^^-^^^^'J , ^ t ^/fi^^^^J d^^^#Ji(? 
VIB VIIB :^iG-|t6^'t'J?L^;SL^it. 

19. -k^^^^]^^% 17 PJfi^m^'i^^^m. ^^P/Ti^^^m^^^M¥j^ 
>^iJ^^kJ^P/ri^i^^^tM^^^±^ Oppm-SOOppm, >{JLit Oppm - 

300ppm, &.^PJf^i%m^M^M^^±. 

20. :fta^^.J^^itl ^;f^6^4^^^t^'i, ^fPm^M^^mf^^M^ n 

21. :kP^^^-^^% 1 ^^i^.A^^IL'ft'f^^^J, ^t^>tii.V^-'ft.i±^lA>^^^^fL 
^J:^;t-r 2l%6<;^#L>a>g-^tii#6^o 

22. -h^SL^^]-^>% 1 Pfr^mf^^^^tm.^'^P^i^y^^tmM.itiji^J^^m^ 
150°C ~ 700*'C -SLfB] , 'ffei^200"C~500"C, 

23. 1 PJf^mm^tM, ^^P^^7^^titm.^Hm:^0.5 
^4t~120^^t, -ffei^l ^4t~60^#. 

24. —n^Za^^^t^f'^^i.Zj^^:^}^. ^^^k^-kpM]-^>%l- 
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^M^^^^]^^ , US4305844(Xt>^ EP0017725, Huels Chemische 
Werke AG, l981)^^\A^4$^'f^^^M^4^0m-0.25Vo^^^Mj^M. ^^-kk 
US4350616(The Dow Chemical Company, 1982) 
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'f^, 34#'fci^^it 84.0%; US4376718(Huels Chemische Werke AG, 1983) 

i^, ^i^T-fH^^^'Jv^ygrd^^^^'f^i; US4400308(ECErdoelchemieGmbh, 
19S3MM-mti^^tM^^\^^^:i:'(tm^^^^tSL^^ 0.4-0.5m'/g, ^^4$^ 
^^^^ 0.3-0.4nm, 0.001-0.03%6^>«i%.^>^#.?f^0.05-0.5%6^4*.Ji^ 
>ir^. '*'J;^^4|l'f^^^^']3^#'|tftS^i^81.5%; SU1685510(Chlorinelnd. 
Res. Des. Int., 1991)^^m>t^^'l-^ Im^/g^^'it^^^^y mi^Miitf}^ 

i^>^:^#6^^^^aj^, Bt^/^^'J^-f 180gEO/l/h 

78.2%; DD289413A ^ DD288067(Veb Leuna-Werke AG, 1991)4SL^T 

0.3mVg6^^^Ji^J-^|L'f^>ft.^'J^^>i-, ^^>^^>S^i^>^>(74!il, 'f^'f^'f^^J 
i^#'hi;fi-^/r^-S-, 'fSL^J^i4#'hi>(5li'; 77%; US4812437(^>EI -f 
EP0247414, Mitsubishi Petrochemical Co., 1989)>^4M«'i^ Ij 
^df^^^J''— >;C^,>i9t>|- Al6Si20,3^^'(*^Ji, 

0.08-1.2%, ;^m^MM^m^^^^^ml4^^. M^m^mm^it^ 

'1:^ ^ ^ 81.2% ; DE3310752( ^ 0. ^ US4760042) ^ 

US4841080(Scientific Design Co., 1988, 19S9)Jfty!iL^>^^i^tSL^M} 
0.3-0.8mVg ^l^i^X, i^^}^^^y5L^.m,^M, 50-300ppm, -f ^•j^#4^>f^ 

^'J 79.7%; W09613493(>it>Eti=- EP789693, Shell Int. Research, 1996) 

MMAii^i$.^tmm^v^'\^^^, >(Ei^#'fct>f5liiSiJ 81.5%, it-t^'J^tit^ 

W09713579 #4if^^^^^, ^J^4:Mj^^it^^^M—:^^}nm 
^'J 85.0% ; CN1038411 ^ ^ J A Mj 
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m ^; ms/un 



AgaBabK<:CSdNaeLaK:eg 6fj ^ ^ft.>f^4S4iL^^^^'j , a=100 Bi, b=0.01 ~ 
10, c=0.1~10, d=0.1~10, e=0.01~0.05, f=0.5~5, g=0.5~5. -|-^'JiL 

^'l^i^m^n ^4-0 ^^m^m^tJk^^ 0.2-2.0m'/g ill0l6^a-Al2O3*l 
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2) }M^mf}^. -fM^kv^it^i^^; ^ 

m "f-^^m^^^tm + ^ a -AI2O3 ^^^a a -AI2O3 ^* > 90% , 

^*^X^>i,it <2.0%, '(^i^<0.8%. it^i^^^B.m§iJ^^ 20N/i^i. ~ 
150N/5^i, >WLjfe 30N/5^ ~ 120N/^^; ^t^L^^ 0.2~2.0inVg, 'fctil 0.3 ~ 
iW/g; ^:d<^^>30%, ^i^>40%; :?L^X? 0.35-0.85mI/g , 

M-ko^m%. ^m%. ^'^4iL> iM.mu ^m%^^m.^, ^itmm%. 
m-kp^-^. z.m. JE^^, ^^m. sLT^^. ^fr^. ^TM^m. 

^T^^> 2^^^. 1,3-^—^. 1,2-p^-n^, 1,4-T— 1,2-T-=^J^, 
l,3-T-:=-^. Z.m^> ^m^^ TS|^, A^'t^aitfji^^^, ^r^^-f^i^ 

21%6^^^-;a^n.t 150 ~ 700"C. ^it 200-500°C ^v^Atl 
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m ^# 0.5 i^if ~ 120 ^4t, 't^i^ 1 ~ 60 vU^itH^^M-o 

>5;fL^^. >5^^ilL, ^^M.. ^^it^, >tftit4tit(j$<.^ti¥9^ it 

>5l.l^^. >5^^ik, >^^^, M^^^it^^^^^^^^o 
2000ppin, -tfci^ 10 ~ 1200ppm. J^^yir^^JTv^t^^jt^-^^Lit. I^BtiL^ 

^itm^m^m^^. ^j^^M^^^^^'^^i^^ 

^^^^'J^ J:^ 0~22000ppm, 0 ~ lOOOOppm. :^J^±M,^M^^yi: 

;$-^m^^^^M^yy^A.^^^^t^^ ^M.^^. m^lk^ 

>^A^mf^^^^^^]t^ ^it^^^^^A^^^^M^^Mj l~495ppm, it 
5 - 200ppiii„ 1^ ati^^v^^^'SiJ^^Ji, 

^^6^4|L4*^t^J t , ^^^Jr^i^^^'ft^'J^*^ 0~1000ppm, ^it 
0~400ppiTio ^^m^^iiiykif^^-^^ mH^^^i^:^^']iii.4^±> 

^/L^it>A^M,i^^^^'^^^y 'ffex^ VIB VIIB ;^7t^6^ 
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t . MM ^-^MM ^^^^^Am^^m 0 ~ SOOppm, 0 ~ 

3ooppiii. Mm^^^m^^'ikytL^^M> m^^^^^^^m^J:^^ 

A(mo!%) 

Z:-:^(C2H4) 28±1 

^(Oz) 7.4±0.2 

^#L'f^^(C02) <8 

#f'J^'J-^^2j:^ O.lppm-Z.Oppm 
J^MJ^:^ 2.1 MPa 

7000/h 

.^>Et ^ lii a EO 1 .35% 

H^J^^ 185 gEO/mlCat./h 

AEO 

i^#'his= xioo% 

AEO+0.5*ACO2 
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1 ^ 2: 

#30-500 0 6^ =-7jCa-Al2O3 312g,30-'200 S ^'fg.— 7jC Al2O3l04g, 
;S>db#.81g, NH4F7g, Mg(N03)2 8.5g^BaS04^^'Ji(; Og, 1.2gii:>V>.^ 
#^t>^^^i^^, #^4g^^t, ;*p>w#>5^'^(>5f^: 7jc=i: 3, :r*tb)0.18 

J*1^2.0min6^3R;;|^i^, >i«t 80 ~ 120"C T)^^ 2 'hBtvl^^Ji, ^t^^^7jcj: 
10%^:^T. 

#Jiii 2 ^i^^i^;^^^^:^t, ^ 30 A;6r>y.^ia^ i^jij 
1350"C ~ 1550°C , 'Im-S 2 'J- Bt , #i'J ^ & a -AI2O3 ^^^^a I 

^-»3: 

#30-500 iI6^^7iCa-Al2O3 312g,30-200 S d^-fE— Al2O3l04g, 
NH4F 7g, Mg(N03)2 8.5g;^>t^^t>^^^:»^^> #>V^^^t> 
#>5^^(>5^^: 7K=1: 3, :r:^tb)0.15 fh, ^^^-^^^^^^I^^Jk^. 
^^^^3h^Y^ 8.0mm, -i^ 6.0mm, 2.0mm ^ 80 ~ 120°C 

T:^i^ 2 '^0t^:^Jl, ^t>5r^^;d<-l:I^'f^fj lO%^>CTo 

#jLiiSf;^i^it7v4t-f^^ t » ^ 30 'J^0t>^;^>^^-Sfhi^fj 1350*'C - 
1550°C-^|Bl, •l^ia2'hHt, #l'J^^a-Al203^>«s^#a^c.3. 







^-^^2 






98.2 


97.8 


98.4 




0 


0.35 


0 




52 


47 


86 




61 


64 


47 
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0.54 


0.52 


0.64 




0.87 


0.98 


0.91 




0.68 


0.65 


0.58 


t\ jk-i^t.^rAr/' J- xi ■t\ ^o/ \ 








<U.D <wL-?f^ 




1 Q fi 


17 0 
1 / .u 


0.5 ~ 1 


4.1 


4.9 


4.5 


1 ~ 5 


51.4 


53.5 


63.7 




10.7 


9.8 


9.6 


10~30#:^ 


9.2 


9.6 


3.4 


30 - 51 


1.5 


1.5 


0.9 


>51 


1.6 


0.9 


0.9 



I^b^-^'J 1-3: 

700g m^^^^ 750ml -i-^-f-^t . #^'J>5^^4^i^>&. 325g 
:^^^iili" 250inl50"C #S'J^^^ii^>^. ^>§'Jj!lM#T 

>fe'f •^#6f;J^^^|lt^ 300g Z^^^. llOg Z:>Sf^, 375g^^-f 

22%(^J:). ;^ 2.2g >5;?L.^4fe. l.lg gt^4i»i, #;&n^^-f-7M^>^>^.€^>t* 
iiS'J 2000g, Mi^^'A^^o 

^i5'J^100g Jigr^'J-#-^^'(^#A 1, 2^3it>^^t^#^^d^^^t. 
lOmmHg ^>^Jl, iOv^>^ Jl^*>^, ^^i^^'f*^, 'f^# 30 
^ii-^^^^i^>^e ^€>t>^6^^^^ 400"C ^^^>i^t;{^^^ 5 

^fM^^^-^Za'^^m^^'] tbiK.'^.J 1, tbife-f^-J 2 ^tbi^^^J 3. 
|^:gfe-^'J 1-9: 

1: J.-^ tb^-^-j 1-3 ^Hii5]6^^>f , ;r^i5i6^^^>t>^^^h^*:ft^T4. 2 
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^^^^] 1 




0.09 


^^^'l 2 


1 


0.17 




1 


0.35 


^^"^'l 4 


2 


0.09 


^^'^^'J 5 


2 


0.17 


6 


2 


0.35 


^^^'] 7 


3 


0.09 


^i^^i 8 


3 


0.17 




3 


0.35 



^3 ^^^'} 1-9 m^^i^^a^id^m^^^ 





^(%) 


(ppm) 


(ppm) 


(°C) 


EO 

(%) 


(%) 


tbi^#] 1 


16.5 


639 


0 


226.5 


1.36 


83.1 


^:5fe^'J 1 


17.0 


642 


15 


221.8 


1.36 


83.7 


^^^'J 2 


16.8 


638 


41 


220.5 


1.35 


83.9 


^^jfe-fi^'J 3 


17.1 


635 


103 


223.6 


1.37 


83.6 


tb2^^-J 2 


16.9 


642 


0 


224.8 


1.35 


83.3 


^;5fe#J 4 


17.2 


645 


16 


221.0 


1.36 


83.9 


^^^^] 5 


16.6 


634 


43 


220.4 


1.36 


84.3 


^;5fe^'J 6 


17.1 


640 


112 


222.0 


1.34 


83.7 


tb^'^'J 3 


14.6 


554 


0 


220.7 


1.35 


82.9 


^^^^\ 1 


17.2 


668 


11 


217.4 


1.38 


83.5 


'^^M 8 


17.2 


666 


36 


215.6 


1.36 


83.7 


^^^^ 9 


17.3 


662 


87 


216.8 


1.35 


83.6 



^hi^n 4 

^^^#6^i5^L^^llt;^ 300g CiJ:^^, llOg ZliSfJ^, 375g ^^-f* 
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m^T^-ito^t^^^] 1-3 ^Jr^M^^^m^lt^^'l^'^^^y^^y^f . 

^jfe-f^j 10-12 



4 ^^gfe-^'j 10-12 m^M^^^^^^^^^^^^m 









^:5fe'{?'J 10 




0.19 


^ife^'J 11 




0.38 


^;5fe'fi?>J 12 




0.15 



^5 ^^#J 10-12 -f^>(^^'J#a^a6^^Ji^^^ 





*(%) 


Cs 

*(ppm) 


Ce 

*(PPm) 


(°C) 


EO 

(%) 


(%) 


bb^-C^'J 4 


16.5 


639 


0 


224.7 


1.36 


83.3 


^;5fe'^'J 10 


17.0 


642 


43 


220.8 


1.36 


83.7 


^^sfe-^'J 11 


16.8 


638 


98 


219.3 


1.35 


84.3 


12 


17.1 


635 


47 


221.6 


1.37 


83.8 



^t^^^] 5 



^'^m,¥F^^J^^^^it^ 300g Z^^^, llOg Z:.^^, 375g^^-f- 
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2000g, M^^'^^M. 

^^^Zjmf^'i^^^m tbi^-^'j 5. 

^;gfe-f^'J 13-14 

* tb3^#J 5 ;N 1^ , ^ 1^1 0.35g >^ 3.8g 

>^>^ -f^^ ^ ^'ft T -aa'J ^4^>ft #J ^^ifjy^ 'hi 

^ tbi^-^'j 5 is) 6^:f^>^ , m ^A.^yk'^^ ^h^^ 5.0g ^/r^:t 



^6 ^;gfe-^U3-m>f^^'J#,fa6^i<i^^^ 





4^-^ 
*(%) 


Cs 
(ppm) 


Ce 6^^* 
(ppm) 




EO 

(%) 


(%) 


tbi&'^.J 5 


16.5 


639 


0 


223.7 


1.36 


82.7 


^^^^] 13 


17.0 


642 


43 


217.3 


1.34 


83.5 


^:5^'^>J 14 


16.8 


633 


452 


221.9 


1.35 


83.0 


tbi^'^^-J 6 


16.1 


612 


623 


227.0 


1.35 


82.6 



t^b^-^'J 7 
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ili BJ 45 mi2/12M 



vt'^-^^^ 22%(^ J:)o ^2.0g^n^4^. 0.6g i^^L^^O.lg'fe^^, 
4r ^ •f-7jC>f^igl>^.^.>t *ii^'J 2000g, MAy^'^^^rM » 

lOmmHgvXji, ;5t;^^>^ Ji^>t>&, ^>^^#^, #:#30:^4t, H^yM^^^ 
^ fcbi^#J 5 ^9 IfJ , m ^MJ^T^!^^ ^h^^ 0.35g ^/TTjT-f 



^6 ^;gfe#J 15-f^>f^^'J#J'a6^^^^^ 





J: 

(%) 


(ppm) 


^* 
(ppm) 


Re 6^ 

^J: 
(ppm) 


Mo ^ 
^J: 
(ppm) 


CC) 


EO 

(%) 


(%) 


^ti^^\ 7 


16.5 


639 


0 


205 


32 


227.4 


1.36 


83.9 


^:5fe'f^'J 15 


17.0 


642 


43 


210 


35 


222.6 


1.34 


84.7 
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